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Abstract 
 
In order to maintain a sufficient performance and a time efficient duration within an entire urban simulation 
environment, the simulation efforts for single buildings supposed to be as low and as capable as possible. By 
generalizing all heating load curves by using particular density functions, the result is a heating density load curve 
for residential buildings depending on a particular construction period. Only the input of a certain  urban 
development scenario that is going to be investigated within the URBEM and the quantity of buildings is needed to 
generate aggregated, location and time dissolved heating load curves. 
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1. Introduction 
 
URBEM [1] is an interdisciplinary cooperation between the Vienna University of Technology and Wiener 
Stadtwerke (Vienna biggest utility company). One of the key elements is to find a proper simulation tool to simulate 
the effects of different urban development strategies (e.g. 2020, 2030 and 2050) focusing on all buildings, the entire 
district heating and cooling grid as well as the hole gas and electricity grid within a district or even the entire city. 
Therefore different urban development scenarios, such as the annual heating or cooling demand, refurbishment rates, 
etc., will be used as initial parameter to run the entire simulation environment. Such individual indicators are usually 
insufficient to run a detail commercial building simulation software at an accurate quality level. The aim of this 
research is to find a validated method to create load profiles in terms of individual density functions for the heating 
demand depending on the utilization, thermal quality, construction year an even the influence of lifestyle aspects. 
 
2. Investigated Case Study Buildings 
 
In order to validate the density function, 4 different building models have been developed. The different 
developed building models can be seen in Errore. L'origine riferimento non è stata trovata.. 
 
 
 
Figure 1. (a) 2 stories - 22 zones; (b) 1 story - 3 zones; (c) 3 stories - 18 zones; (d) 6 stories - 21 zones 
 
While Building (a) represents a simple modeling of a fictive 2 family house with 2 stories and 22 thermal zones, 
building (d) represents a typical Vienna Building built before 1940 with 6 stories and 21 thermal zones which is 
actually real. Both building types are well represented in Vienna. Therefore both models seems to be accurate case 
study building models for further validations within in this research. 
For the general validation all building models have been considered, but this paper addresses only the results of 
the Building model (a) and (d). In order to achieve a fair validation, both building models have either the thermal 
quality of the current Austrian building guidelines [2] – so called BAU-B, or the thermal quality of a passive house 
[2] – so called NZEB. The thermal quality characteristics for both scenarios are listed in Table 1. All boundary 
conditions for the simulation such as solar gain, shading behavior, utilization, weather data, temperature set points, 
air exchange rates, etc., are for both building models the same [2, 3]. This set up of constant variables in a dynamic 
simulation tools enables a fair comparison on the functionality of the density function. 
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Table 1. Thermal quality of the test models for validation simulation 
 
Scenario BAU-B BAU-B NZEB NZEB 
  U-Value [W/m2K]  
Building model (a) (d) (a) (d) 
Exterior wall 0.303 0.273-0.333* 0.097 0.091-0.132* 
Ground floor 0.360 0.360 0.173 0.173 
Upper ceiling 0.182 0.188 0.100 0.095 
Windows 1.7 1.7 0.8 0.8 
*due to 8 different exterior wall types in building model (d), there is a range of the U-Value 
 
3. Method 
 
Basically within the URBEM simulation environment, all further energy balancing results on the building level 
are based on the Annex 53 report [4]. Due to this research is validating the method of using density functions to 
predict the heating demand in different scenarios within the URBEM environment, only the energy boundary Eb [4] 
is considered. 
The reference simulation to verify the correctness and level of accuracy of particular density function is done by 
using BuildOPT_VIE simulation software, developed at the Research Center of Building Physics and Sound 
Protection at the Vienna University of Technology. BuildOPT_VIE is a multi-zone model for hygrothermal 
calculations of the entire building with the capability of more than 6000 zones. A finite volume method with an 
explicit time scheme is used for the building construction simulation. This simulation software got validated with 
data from Annex 41 (2008) [5] any many other experimental validations from real buildings [6]. Based on [4, 7] the 
simulation for annual heating demand is done with BuildOPT_VIE. 
 
Formula (1) shows the calculation of the density function by using H,nd(t,i) and H,nd(i). 
݄ሺǡሻൌǡሺǡሻ
ǡሺሻ

(1) 
h (t,i) density function for each time step and 1 particular building model 
t time step [h] 
i building type/model 
H,nd (t,i) heating demand for each time step and 1 particular building model [kWh/h] 
H,nd (i) annual heating demand for 1 particular building model [kWh/a] 
 
According to Figure 1 and Table 1 the following matrix (2) for each density function can be created. 
 
݄ሺǡሻൌ ݄ሺǡሺሻሻ
݄ሺǡሺሻሻ
݄ሺǡሺሻሻ
݄ሺǡሺሻሻ

(2) 
h (t, BAU(a)) density function for the BAU scenario and building model (a) according to Figure 1 
h (t, NZEB(a)) density function for the NZEB scenario and building model (a) according to Figure 1 
h (t, BAU(d)) density function for the BAU scenario and building model (d) according to Figure 1 
h (t, NZEB(d)) density function for the NZEB scenario and building model (d) according to Figure 1 
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In order to calculate H,nd (t,i) by using density function for each time step instead of an conventional simulation 
model, formula (3) will be used. 
݄ǡሺǡሻൌ݄ሺǡሻൈሺሻൈሺሻ (3) 
h,nd (t,i) heating demand for each time step and particular building typ using a density function 
[kWh/h] 
h(t,i) density function for each time step of a particular building model 
f(i) scenario objective for the specific annual heating demand [kWh/m2a] 
A(i) floor area [m2] 
 
4. Results 
 
Within the URBEM simulation environment, the density functions are used for different future scenarios 
regarding the effects of load profiles for heating demand of individual buildings on the entire energy grid. Therefore, 
based on the scenario requirement, those density functions gets divided on every single building within the 
considered boundaries (e.g. district level). By initializing the density function with the individual building area and 
scenario objective according to formula (3), a time and location dissolved heating demand for this particular 
building gets calculated. For the validation of the density function, 3 results will be given in the following 
subchapters. In order to enhance the understanding of the result figures, the following legend shows all within the 
result figures used abbreviations. 
 
SIM BAU-B/NZEB  simulation  results  for  either  a  BAU-B  or  NZEB   building 
model – always continuous lines 
DF BAU-B to NZEB / DF NZEB to BAU-B density function created by either a BAU-B or NZEB building 
model to generate results for either a NZEB or BAU-B 
building – always dotted lines 
Divergence BAU-B / NZEB represents the relative deviation between the simulation results 
and the results from the density function – always dashed lines 
 
4.1. Density function for building (a) 
 
In Errore. L'origine riferimento non è stata trovata. Figure 2 the validation results for building (a), a 2 stories 
and 22 zones building model, can be seen. Both continuous lines (blue and green) represents the results from the 
simulation with BuildOPT_VIE. Both dotted lines represents the results using a density function. In case of building 
(a), a density function based on the simulation results for a BAU-B standard was used to generate the load profile 
for a NZEB standard (green dotted) and one density function based on the simulation results for a NZEB standard 
was used to generate the load profile for a BAU-B standard (blue dotted). The results shows a well accurate 
correlation between each dotted line to each simulation results. 
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Figure 2. Validation of the density function on building model (a), 2 stories - 22 zones 
 
 
4.2. Density function for building (d) 
 
In the following Figure 3, not only the weekly correlation between the results from a detail simulation compared 
with the results from a density function, but the relative deviation can be seen (dashed lines). The relative deviation 
during the winter weeks performs well. Due to the low absolute amount of heating demand within spring an aunt the 
relative deviation is higher. If the relative deviation gets adjusted with each heating demand per time step, the results 
shows a correlation from -1.11% to +1.01% for all weeks. 
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Figure 3. Validation of the density function on building model (d), 6 stories - 21 zones 
 
 
4.3. Density function for Building (a) to building (d) 
 
The last Figure 4 shows the correlation if a density function created by a different building type (a) is used to 
generate a heating load profile for building type (d). Even by transformations to a different building type the 
correlation results and the relative deviation performs at an accurate level. Similar to the results on Figure 3, the 
relative deviations reaches due to the small absolute amount of heating demand in week 23, 25 and 37, 3 times more 
than -100%. The results for an adjusted deviations are in the range of minimum -1.35% to a maximum of 1.25%. 
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Figure 4. Validation of the density function from building (a) to generate a load profile for building type (d) 
 
5. Conclusion and Outlook 
 
The results for all investigated density functions are sufficiently accurate for using those generated heating load 
profiles within the URBEM simulation environment. The simulation effort within the considered boundaries (e.g. 
district or city level) by using density function instead of individual commercial building simulation software for 
each building is getting minimalized at a constant accurate level of quality. Furthermore initial parameters such as 
the annual heating or cooling demand, construction year, type of building or utilization are enough to get the right 
density function for right scenario within the URBEM simulation environment. Further research in this field will be 
to extend the density functions on cooling demand, HVAC-Systems for balancing at the level of Et [4], electrical 
load profiles, more building types, improved performance during spring and aunt and a variation of  different 
lifestyle aspects. 
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